General
All the reactions dealing with air-or moisture-sensitive compounds were carried out in a dry reaction vessel under a positive pressure of argon or nitrogen. Airand moisture-sensitive liquids and solutions were transferred via syringe or teflon cannula. Analytical thin-layer chromatography was performed using glass plates pre-coated with 0.25-mm 230-400 mesh silica gel impregnated with a fluorescent indicator (254 nm). Thin layer chromatography plates were visualized by exposure to ultraviolet light (UV) and/or by iodine vapors, or immersion in an acidic staining solution of p-anisaldehyde followed by heating on a hot plate. Organic solutions were concentrated by rotary evaporation at ca.15 Torr (evacuated with a diaphragm pump). Flash column chromatography was performed as described by Still et al., 1 employing Kanto Silica gel 60 (spherical, neutral, 140-325 mesh) or Wako activated alumina (ca. 300 mesh).
Proton nuclear magnetic resonance ( 1 H NMR) and carbon nuclear magnetic resonance ( 13 C NMR) spectra were recorded with JEOL ECA-500 (500 MHz) NMR spectrometer. Chemical data for protons are reported in parts per million (ppm, δ scale) downfield from tetramethylsilane and are referenced to the residual proton in the NMR solvent (CDCl 3 : δ 7.26). Carbon nuclear magnetic resonance spectra ( 13 C NMR) were recorded at 125 MHz: chemical data for carbons are reported in parts per million (ppm, δ scale) downfield from tetramethylsilane and are referenced to the carbon resonance of the solvent (CDCl 3 : δ = 77.0). The data is presented as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling constant in Hertz (Hz), and integration. Mass spectra (GS MS) were taken at SHIMADZU Parvum 2 gas chromatograph mass spectrometer. High-resolution mass spectra (HR MS) were acquired by atmospheric pressure ionization (APCI) using a time-of-flight mass analyzer on JEOL JMS-T100LC (AccuTOF) spectrometer. Preparative gel permeation chromatography (GPC) was performed on a Japan Analytical Industry LC-908 machine equipped with GPC columns (JAIGEL 1H and 2H) and an RI detector RI-5HC using toluene as eluent (flow rate: 3.5 mL/min).
Commercial reagents were purchased from Tokyo Kasei Co., Aldrich Inc., and other commercial suppliers and were used without further purification, unless mentioned. Fe(acac) 3 (99.9+%) was purchased from Aldrich Inc. and used as received. Iron salts from other sources are mentioned in the text where appropriate. Anhydrous THF was purchased from Kanto Chemical Co. and purified by a solvent purification system (GlassContour) equipped with columns of activated alumina and copper catalyst prior to use. The water content of the solvent was confirmed by a Karl-Fischer moisture titrator to be less than 20 ppm.
Bis(4-chlorophenyl)acetylene and bis(4-methoxyphenyl)acetylene were prepared according to the literature procedure. 
Optimization Studies
The effect of the ligand (Table S1) . Diphenylacetylene (2a, 0.20-0.40 mmol), 1,2-dichloroisobutane (2 equiv), Fe(acac) 3 (10 mol %), ligand (10 mol %, except entry 1), and THF were placed in an oven-dried Schlenk tube. A THF solution of phenylmagnesium bromide (3 equiv) was added to the mixture over 5 min at 0 °C. After stirring for 1 h, a 1M aqueous solution of HCl was added, and the organic layer was extracted with toluene. Tridecane was added as an internal standard and the yield (based on 2a) of 3a, 4, and the recovery of 2a were determined by GC. Abbreviations: Phen = 1,10-phenanthroline 4,7-dimethylphen = 4,7-dimethyl-1,10-phenanthroline bathophen = 4,7-diphenyl-1,10-phenanthroline neocuproine = 2,9-dimethyl-1,10-phenanthroline terpyridine = 2,6-bis(2-pyridyl)pyridine IPr•HCl = 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride dppf = 1,1'-bis(diphenylphosphino)ferrocene Table S1 . The effect of the ligand.
The effect of the amount of reagents and catalyst (Table S2) . Diphenylacetylene (2a, 0.20-0.40 mmol), 1,2-dichloroisobutane (y equiv), Fe(acac) 3 (z mol %), 1,10-phenanthroline (z mol %), and THF were placed in an oven-dried Schlenk tube. A THF solution of phenylmagnesium bromide (x equiv) was added to the mixture over 5 min at 0 °C. After stirring for 1 h, a 1M aqueous solution of HCl was added, and 
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the organic layer was extracted with toluene. Tridecane was added as an internal standard and the yield (based on 2a) of 3a, 4, and the recovery of 2a were determined by GC. Table S2 . The effect of the amount of reagents and catalyst.
The effect of the oxidant (Table S3) . Diphenylacetylene (2a, 0.20-0.40 mmol), oxidant (3 equiv), Fe(acac) 3 (10 mol %), 1,10-phenanthroline (10 mol %), and THF were placed in an oven-dried Schlenk tube. A THF solution of phenylmagnesium bromide (3 equiv) was added to the mixture over 5 min at 0 °C. After stirring for 1 h, a 1M aqueous solution of HCl was added, and the organic layer was extracted with toluene. Tridecane was added as an internal standard and the yield (based on 2a) of 3a, 4, and the recovery of 2a were determined by GC. Table S3 . The effect of the oxidant. (Table S4) . Diphenylacetylene (72 mg, 0.40 mmol), 1,2-dichloroisobutane (0.14 mL, 1.2 mmol), Fe(acac) 3 (15 mg, 0.04 mmol), 1,10-phenanthroline (8 mg, 0.04 mmol), and solvent (2.0 mL) were placed in an oven-dried Schlenk tube. A diethyl ether solution of p-methoxyphenylmagnesium bromide (2 mL, 0.6 mol/L, 1.2 mmol) was added to the mixture over 5 min at 0 °C. After stirring for 2 h, a 1M aqueous solution of HCl was added, and the organic layer was extracted with toluene. Tridecane was added as an internal standard and the yield and ratio of 6:6' were analyzed by GC. Diphenylacetylene (2a, 72 mg, 0.40 mmol), 1,2-dichloroisobutane (0.14 mL, 1.2 mmol), Fe(acac) 3 (15 mg, 0.04 mmol), 1,10-phenanthroline (8 mg, 0.04 mmol), and THF (2.0 mL) were placed in an oven-dried Schlenk tube. A THF solution of phenylmagnesium bromide (1.0 mL, 1.18 mol/L, 1.2 mmol) was added to the mixture over 5 min at 0 °C. The color of the reaction mixture turned from red-brown to purple immediately. After stirring for 1 h, a 1M aqueous solution of HCl was added. After extraction with toluene three times, the combined organic layers were concentrated under reduced pressure to obtain a pale orange solid. The crude material was purified by silica gel column chromatography (eluent: hexane/toluene 3:2) to afford 1,2,3,4-tetraphenylnaphthalene (3a) as a white solid (63 mg, 73%). The spectral data were in agreement with those reported in the literature. 2, 139.3, 138.6, 138.1, 131.7, 131.0, 127.2, 126.7, 126.3, 126.1, 125.6, 125. 
Annulation of p-anisil Grignard reagent with diphenylacetylene

6-Chloro-1,2,3,4-tetrakis(4-chlorophenyl)naphthalene (3b).
The general procedure was applied to bis(4-chlorophenyl)acetylene (98 mg, 0.40 mmol) and a diethyl ether solution of p-chlorophenylmagnesium bromide (1.2 mL, 1.0 mol/L, 1.2 mmol). The crude material was purified by GPC (eluent: toluene) to afford the title compound as a white solid (57 mg, 47%).
1 H NMR (400 MHz, CDCl 3 ): δ 7.53 (d, J = 2.3 Hz, 1H), 7.51 (d, J = 9.2 Hz, 1H), 7.35 (dd, J = 9.2, 2.3 Hz, 1H), 4H), 4H), 4H), 4H) 
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CDCl 3 ): δ 138. 6, 137.94, 137.91, 137.7, 137.0, 136.9, 136.7, 133.2, 133.1, 132.8, 132.3, 132.20, 132.18, 132.14, 132.08, 130.3, 128.6, 128.3, 128.2, 127.42, 127.36, 125.5 157.3, 156.80, 156.76, 139.6, 138.1, 137.00, 136.97, 133.6, 133.5, 133.4, 132.4, 132.3, 132.23, 132.22, 132.20, 132.18, 128.7, 127.8, 117.7, 113.1, 113.0, 112.1, 105.6, 55.15, 55.10, 55.08, 55.07, 54.9 
1,2,3,4-Tetrapropylnaphthalene (5).
The general procedure was applied to 4-octyne (44 µL, 0.30 mmol) and a THF solution of phenylmagnesium bromide (1.1 mL, 0.8 mol/L, 0.9 mmol). The crude material was purified by silica gel column chromatography to afford the title compound as a colorless oil (24%). The spectral data were in accordance with those reported in the literature.
3 1 H NMR (500 MHz, CDCl 3 ): δ 8.00-7.97 (m, 2H), 7.41-7.38 (m, 2H), 3.02-2.98 (m, 4H), 2.75-2.71 (m, 4H), 1.73-1.64 (m, 4H), 1.63-1.54 (m, 4H), 1.14-1.08 (m, 12H);
13 C NMR (125 MHz, CDCl 3 ): δ 136. 9, 134.1, 131.1, 124.5, 124.4, 32.6, 31.3, 24.9, 24.5, 15.1, 14.9 ; GC MS (EI) m/z (relative intensity): 296 (M + , 100), 267 (34), 225 (57), 195 (17), 183 (72), 165 (25) . 
